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ABSTRACT 



Purpose: This study was performed to investigate the prevalence, morphology, and calcification pattern of the 
elongated styloid process in the Mathura population and its relation to gender, age, and mandibular movements. 
Materials and Methods: The study analyzed digital panoramic radiographs of 2,706 adults. The elongated styloid 
process was classified with the radiographic appearance based on the morphology and calcification pattern. The 
limits of mandibular protrusion were evaluated for each subject. The data were analyzed by using a Student's t-test 
and chi-squared test with significance set at p =0.05. 

Results: Bilateral elongation having an "elongated" type styloid process with a "partially mineralized" pattern was 
the most frequent type of styloid process. No correlation was found between styloid process type and calcification 
pattern on the one hand and gender on the other, although elongated styloid was more prevalent in older and male 
populations (p<0.05). Further styloid process elongation showed no effect on mandibular protrusive movement 
(p>0.05). 

Conclusion: Dentists should recognize the existence of morphological variation in elongated styloid process or Eagle 
syndrome apparent on panoramic radiographs. We found higher prevalence of elongated styloid process in the pop- 
ulation of the Mathura region when compared with other Indian populations. The calcification of the styloid process 
was more common in the older age group with no correlation to gender, mandibular movement and site. "Type I" 
with a "partially calcified" styloid process was observed more frequently in the population studied. {Imaging Sci 
Dent 2012; 42 : 155-61) 
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Introduction 

The styloid process is a cylindrical, long cartilaginous 
bone located on the temporal bone in front of the stylo- 
mastoid foramen. Many nerves and vessels such as the 
carotid arteries are adjacent to the styloid process. 1 The 
normal styloid process length is approximately 20-30 
mm. 2 The styloid process tapers toward its tip that lies in 
the pharyngeal wall lateral to the tonsillar fossa. Many 
important neurovascular structures lie near the tip of the 
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styloid process. The internal carotid artery, internal jugu- 
lar vein, and cranial nerves X, XI, and XII lie on its medial 
side. 3 Keur et al 4 suggested that a styloid process longer 
than 30 mm was considered to demonstrate styloid process 
elongation. The tip of the styloid process is continuous 
with the stylohyoid ligament, which extends to the lesser 
cornu of the hyoid bone. The stylomandibular ligament 
also attaches to the styloid process extending to the angle 
of the mandible. The protrusive movement of the mandible 
can be restricted by the stylomandibular ligament. 5 

Styloid process elongation is known as Eagle syndrome 
when it causes clinical symptoms such as neck and cervi- 
cofacial pain. It is assumed that these signs and symptoms 
originate from the compression of the styloid process on 
some neural and vascular structures. More uncommonly, 
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symptoms such as dysphagia, tinnitus, and otalgia may 
occur in patients with Eagle syndrome. It may also cause 
stroke due to the compression of the carotid arteries. 2 

Thus, precise knowledge about the anatomy of both nor- 
mal and abnormal styloids is important for clinicians, sur- 
geons, and radiologists. Hence the present study evaluated 
and classified the radiographic appearance of styloid pro- 
cess calcification according to gender and site. Also, the 
clinical relationship between styloid process elongation 
and the limits of mandibular protrusion were investigated. 



Materials and Methods 

This study was conducted in the outpatient department 
from January 2010 to June 2011, during which 2,706 adults 
belonging to the Mathura region were investigated. The 
study was conducted according to the Human Ethics Gui- 
delines approved by the institution, following which only 
those subjects were included for whom clinical examina- 
tion and panoramic radiographs were prescribed as a part 
of a diagnostic work up. 




Fig. 1. A. The points show the anterior nasal spine and mastoid process on panoramic radiograph. B. Imaginary line connects the anterior 
nasal spine and the mastoid process on panoramic radiograph. C. Classification of elongation of styloid process based on type of calcifica- 
tion: Type I (elongated), Type II (pseudo articulated), and Type III (segmented). D. Classification of elongation of styloid process based on 
pattern of calcification (A: Calcified outline; B: Partially calcified; C: Nodular; D: Completely calcified). 
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The subjects comprised 1,681 males and 1,025 females 
with a mean age of 34.54 ± 14.62 years. The mean age of 
the male and female populations were 35.38 ±15.42 and 
34. 12 ± 14.27 years, respectively. At the time of the study, 
all of the subjects were asymptomatic on styloid process 
palpation in the tonsillar fossa region. 

As the stylomandibular ligament might restrict excessive 
protrusive movement of the mandible if the ligament were 
mineralized and elongated, we assumed that mandibular 
protrusive movement could be influenced. The mandibular 
protrusive movement, that is, the position of the mandible 
anterior to centric relation, was measured for all of the 
subjects by asking them to slide the mandible forward as 
far as possible. The distance was measured between the 
superior and inferior incisors in millimeters and the amount 
of horizontal overlap was added to it. The normal limit 
was >7mm. 5 

All the digital panoramic radiographs were taken by 
using a Planmeca ProMax X-ray unit (Planmeca Oy., Hel- 
sinki, Finland) under the standard exposure factor as recom- 
mended by the manufacturer. The type and calcification 
pattern of the right and left styloid process were analyzed 
independently. Any styloid process extending below an 
imaginary line connecting the anterior nasal spine and the 



Table 1 . Comparison of difference in mean age between those with 
and without elongation in the study population 



Study population 


Age 
(mean + SD) 


t value 


p value 


Male 


Elongated 
Not elongated 


42.34+12.38 
35.38 + 15.42 


4.975 


0.000 


Female 


Elongated 
Not elongated 


34.94+10.47 
34.12+14.27 


0.4633 


0.678 


Total 


Elongated 
Not elongated 


39.87 + 12.27 
34.54+14.62 


4.83 


0.000 



mastoid process was considered elongated (Fig. I). 6 

The styloid process elongation was recorded as unilateral 
or bilateral, and classified according to the system of Lan- 
glais et al (Figs. 1C and D). 7 The study population was 
further divided into 4 groups as Group 1: not elongated; 
Group 2: elongated left side; Group 3: elongated right side, 
and Group 4 as bilateral elongation of the styloid process. 

The relationships between the styloid process elongation 
on the one hand and gender, age, and mandibular move- 
ments on the other were investigated. The panoramic radio- 
graphs were examined by one investigator. The data were 
analyzed by using a Student's t-test and chi-squared tests. 
All analyses were executed using SPSS 15.0 (SPSS Inc., 
Chicago, IL, USA). 

Results 

Out of a total of 2,706 panoramic radiographs, 1,295 
(47.9%) were not elongated (Group 1), 141 (5.2%) showed 
left side (Group 2), 147 (5.4%) showed right side (Group 
3), and 1,123 (41.5 %) showed bilateral (Group 4) elonga- 
tion of the styloid process (Fig. 2). 




147,5% 141,5% 



[ ] Study population ■ Not Elongated (Gp 1) Elongated Left side (Gp 2) 

□ Elongated Right side (Gp 3) ■ Elongated bilateral (Gp 4) 



Fig. 2. The diagram shows the number and percentage of the dis- 
tribution of styloid process elongation according to the groups. 




Fig. 3. A panoramic radiograph re- 
veals bilateral styloid process calci- 
fication (Type I and Pattern B). 



— 157 — 



Clinicoradiologic evaluation of styloid process calcification 



Table 2. Prevalence and correlation of gender for type and pattern of styloid process calcification of Group 2, 3, and 4 



Styloid 




Group 2 


Group 3 


Group 4 (left) 


Group 4 (right) 


calcification 


Male 


Female 


Male Female 


Male Female 


Male Female 




I 


59 (62.8%) 


34(72.3%) 


50(57.5%) 43(71.7%) 


492 (66.7%) 249 (64.7%) 


512(69.4%) 258(67.0%) 


Types 


II 


20(21.3%) 


7(14.9%) 


20(23%) 8(13.3%) 


184(24.9%) 69(17.9%) 


158(21.4%) 79(20.5%) 




ill 

in 


15(16%) 


6(12.8%) 


17(19.5%) 9(15%) 


62(8.4%) 67(17.4%) 


68(9.2%) 48(12.5%) 


Statistical 


X 2 


1.316 


3.283 


23.518 


2.894 


analysis 


P 


0.51 


8 


0.194 


0.000 


0.235 




A 


15(15.9%) 


11(23.4%) 


9(10.4%) 9(15%) 


29(3.9%) 40(10.4%) 


36(4.8%) 43(11.2%) 


Pattern 


B 


78 (83%) 


36(76.6%) 


73 (83.9%) 50 (83.3%) 


676(91.6%) 325(84.4%) 


672(91.1%) 317(82.3%) 




C 


0 (0%) 


0 (0%) 


4(4.6%) 0(0%) 


15(2.1%) 7(1.8%) 


9(1.2%) 10(2.6%) 




D 


1(1.1%) 


0 (0%) 


1(1.1%) 1(1.7%) 


18(2.4%) 13(3.4%) 


21(2.9%) 15(3.9%) 


Statistical 


X 2 


0.719 


3.101 


5.746 


6.870 


analysis 


P 


0.317 


0.212 


0.05 


0.032 



Table 3. Styloid calcification comparison between site (right and 
left) and gender (male and female) 



Styloid 
calcification 



Site Male Female 



Types 



III 



left 

right 

left 

right 

left 

right 



551 
562 
204 
76 
77 
85 



283 
301 
178 
87 
73 
57 



0.168 0.919 
2.101 0.350 
2.147 0.342 



Patterns 



D 



left 

right 

left 

right 

left 

right 

left 

right 



44 
45 
754 
745 
15 
13 
19 
22 



51 

52 
361 
367 
7 
10 
13 
16 



0.000 1.000 

0.82 0.960 

0.650 0.112 

0.722 0.946 



A calcified styloid was more prevalent in older subjects 
and males. The mean age was significantly higher in the 
patients with styloid process elongation (39.87 ±12.27 
years) than the patients without styloid process elongation 
(34.54 ± 14.62 years) (p=0.000, Table 1). Among the Math- 
ura population in Group 2, 3, and 4, the most frequent type 
of calcification observed was elongated (Type I) and pat- 
tern was partially calcified (Pattern B) as shown in Figure 
3 (Table 2). No statistically significant differences were 
proven between the styloid process types, calcification, and 
patterns among the subject gender and site prevalence (p > 
0.05), except for Group 4 where a statistically significant 
correlation was found in gender distribution for the left 
side and only for the pattern of calcification for the right 
side (Tables 2 and 3). 

Further, the group of normal styloid process length bila- 
terally (Group 1, n= 1,295) demonstrated mandibular pro- 



Table 4. Comparison between mandibular protrusion of the "not 
elongated" and "elongated" styloid process groups 

Mandibular 

c. a i protrusive 
Study population 

J r r movement 

(mean + SD) 

Not elongated styloid process (Group 1) 9.77+ 1.53 mm 



p-value 



Elongated styloid 
process 



Left Side (Group 2) 8.47 + 0.57 mm 
Right side (Group 3) 8.42 + 0.55 mm 
Bilateral (Group 4) 7.56+1.11 mm 



0.07 



trusive movement to be 9.77 ± 1.53 mm, whereas the elon- 
gated groups of Group 2 (n=141), 3 (n=147), and 4 (n= 
1,123) revealed limits of mandibular protrusive movement 
that were less extensive but still within normal range: 8.47 
±0.57, 8.42±0.55, and 7.56± 1.11 mm, respectively. How- 
ever, there was no statistically significant difference bet- 
ween styloid process elongation and mandibular protrusive 
movements (p>0.05, Table 4). 

Discussion 

An awareness of clinical and radiologic presentation of 
styloid process elongation is important to all health practi- 
tioners involved in the diagnosis and treatment of head 
and neck pain. Eagle syndrome, sometimes called styloid 
or stylohyoid syndrome, is defined as the symptomatic 
elongation of the styloid process or mineralization (ossifi- 
cation or calcification) of the stylohyoid ligament complex. 8 
It was first documented by Eagle, an otorhinolaryngologist, 
in 1937. 3 

Styloid process palpation in the tonsillar fossa, which is 
not normally palpable, is indicative of styloid process elon- 
gation. Palpation of the tip of the styloid process should 
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exacerbate the symptoms associated with this syndrome. 
If highly suspicious for Eagle syndrome, it can be confirm- 
ed by radiographic imaging. 5 There are many vessels, such 
as the carotid arteries, and nerves adjacent to the styloid 
process. The signs and symptoms of this syndrome origi- 
nate from the anatomic relationship between the styloid 
process and its surrounding structures. 9 The symptoms can 
be confused with some other disorders including a wide 
variety of facial neuralgias, and oral and temporomandibu- 
lar diseases. 10 Therefore, a detailed differential diagnosis 
for styloid process elongation should be performed. 

Panoramic radiograph is a common modality for evaluat- 
ing styloid process elongation. Skull lateral view is the 
best to show the length of the styloid process, but antero- 
posterior views are also needed to determine whether there 
is bilateral involvement and the presence of lateral devia- 
tion. Spiral CT with subsequent 3D reconstruction is the 
method of choice for exact determination of the localiza- 
tion of the styloid processes. 11 

Apart from the Eagle syndrome, other clinical manifes- 
tations that may result from calcified styloid process are 
glossopharyngeal neuralgia, carotidynia, pulsatile tinnitus, 
dysphonia, and globus pharyngeus. The pathophysiology 
behind the pain due to an elongated styloid process was 
found to be compression of the neural elements such as 
the glossopharyngeal nerve, lower branch of the trigeminal 
nerve, and/or the chorda tympani, by the elongated styloid 
process. The compression further leads to proliferation of 
granulation tissue that causes continuous pressure on sur- 
rounding structures and results in pain. 12 

Various theories have been proposed to explain the ossi- 
fication of the stylohyoid and stylomandibular ligaments, 
namely the theory of reactive metaplasia, reactive hyper- 
plasia, anatomic variance, ageing, developmental anomaly, 
and trauma leading to loss of elasticity in the ligament 
simulating tendinosis. 13 The regional factors like dietary 
factors are also important for different patterns and types 
of styloid process elongation. 14 The calcification of the 
styloid is now considered to be a part of heterotopic bone 
formation or ossification 15 since, microstructurally, osteoid 
matrix is also present with the calcification. 

Accurate determination using two-dimensional radiogra- 
phic procedures can be difficult due to projection geometry 
considerations. Panoramic radiography may distort the 
dimensions of styloid process and magnification of the 
radiographic image may vary with the angulations of the 
process itself. 6 Therefore, a simple measurement in milli- 
meters is not a suitable criterion due to the radiologic fac- 
tors involved. Taking this factor into consideration, to 



determine the length of styloid process, ruler measurement 
was not chosen. 5 The elongation of the styloid processes in 
the radiographs was determined according to the method 
proposed by Ferrario et al. 6 

The present study was performed in the Mathura region 
of Northern India where the prevalence of elongated styloid 
process combining both unilateral and bilateral instances, 
was higher (52.1%) than those in previous studies on other 
Indian populations. A study was performed on the popula- 
tion of the Davangere region of Southern India 16 where 
173 panoramic radiographs were reviewed and the incid- 
ence of mineralization of the styloid process was found to 
be 24.8%. Also, More and Asrani studied 500 digital pano- 
ramic radiographs of a population in the Gujarat region of 
Western India, and they found elongated styloid process 
in 19.4% of its subjects. 13 Both these investigators favored 
the theory of ageing for styloid process elongation. 

However, in our study, the higher prevalence of elongated 
styloid could be attributed to the combination of factors 
including race, lifestyle, and dietary habits. The Mathura 
region mainly comprises a rural population where most 
people perform strenuous work like carrying heavy weight 
on their heads, which in turn promotes ossification in the 
ligament. 17 They also chew hard foods like gutka and areca 
nut, which increases the masticatory load on the ligament 
and this leads to ossification of the ligament. 1 In addition, 
racial predisposition may favor ossification of the ligament 
as the ossification center varies. 19 

We observed that the calcified styloid was more preva- 
lent in older subjects, which was in accordance with the 
previous findings that with ageing there was progression 
in styloid process elongation. 13 Additionally, we noted 
that the male population had a predilection for styloid 
process elongation. This result might be supported by the 
previous results of another study in an Indian population. 13 

Our study showed that for elongated styloid process, 
79.5% of cases were bilateral and 20.5% of cases were 
unilateral, which was in agreement with the previous find- 
ings in which a bilateral elongation in 75% and a unilateral 
elongation in 25% of cases was reported. 13 In the present 
study, the prevalence of Type I and partially calcified sty- 
loid process was >55%. These findings were similar to 
the study performed in the Gujarat population in India 
where the prevalence was >85%. 13 The bilateral styloid 
process elongation could be attributed to the fact that str- 
enuous exercise and chewing habits leads to clenching of 
the jaw muscles, which increases the weight loading of 
the styloid bilaterally and promotes ossification. 

In our study, no statistically significant difference was 
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observed between genders in the unilateral or bilateral 
elongation of the styloid process. This was in agreement 
with the reports of previous studies. 6 ' 20 ' 21 Our hypothesis 
suggested that elongation of the styloid process had no 
effect on mandibular protrusive movements, which was 
similar to the findings of a study in a Turkish population. 5 
This could be attributed to the fact that all the patients in- 
cluded in the study were asymptomatic, which was similar 
to a previous study that found that despite a 84.8% preval- 
ence of styloid process mineralization, none of the subjects 
were symptomatic. 6 Langalis et al 7 and Fini et al 22 also 
reported a prevalence of subjective symptoms of only 1- 
5%. 

Further, the ligament responsible for styloid process 
elongation might be the stylohyoid rather than the stylo- 
mandibular. 6 ' 23,24 It is not easy to determine the related 
ligament in cases where the elongated styloid process does 
not extend to the angle of the mandible. Correll et al 25 and 
Zaki et al 26 used the term "mineralization of the stylohyoid- 
stylomandibular ligament complex" for elongated styloid 
process on radiographs. We also recommend the term 
"mineralized stylohyoid- stylomandibular ligament com- 
plex" in view of the ambiguity of these structures when 
viewed on panoramic radiographs. 

In conclusion, panoramic radiography is useful for detec- 
tion of an elongated styloid process in patients with or 
without symptoms. Styloid process calcification in older 
adults is common with no correlation to gender. "Type I" 
with "partially mineralized" styloid process was observed 
more frequently in the population studied. Since the preval- 
ence of an elongated styloid process was found to be higher 
in this study, awareness could be spread among people who 
are prone to styloid process elongation, especially rural 
populations and chronic gutka chewers. Further advanced 
imaging studies are required to identify the symptoms that 
correlate with an elongated styloid process as well as the 
type and pattern of calcification based on different life- 
styles and dietary habits. 

References 

1 . Moffat DA, Ramsden RT, Shaw HJ. The styloid process syn- 
drome: aetiological factors and surgical management. J Lary- 
ngol Otol 1977; 91 : 279-94. 

2. Feldman VB. Eagle's syndrome: a case of symptomatic calci- 
fication of the stylohyoid ligaments. J Can Chiropr Assoc 2003; 
47 : 21-7. 

3. Eagle WW. Elongated styloid processes. Report of two cases. 
Arch Otolaryngol Head Neck Surg 1937; 25 : 548-87. 

4. Keur JJ, Campbell JP, McCarthy JF, Ralph WJ. The clinical 



significance of the elongated styloid process. Oral Surg Oral 
Med Oral Pathol 1986; 61 : 399-404. 

5. Kursoglu P, Unalan F, Erdem T. Radiological evaluation of 
the styloid process in young adults resident in Turkey's Yedi- 
tepe University faculty of dentistry. Oral Surg Oral Med Oral 
Pathol Oral Radiol Endod 2005; 100 : 491-4. 

6. Ferrario VF, Sigurta D, Daddona A, Dalloca L, Miani A, Tafuro 
F, et al. Calcification of the stylohyoid ligament: incidence 
and morphoquantitative evaluations. Oral Surg Oral Med Oral 
Pathol 1990; 69 : 524-9. 

7. Langlais RP, Miles DA, Van Dis ML. Elongated and mineral- 
ized stylohyoid ligament complex: a proposed classification 
and report of a case of Eagle's syndrome. Oral Surg Oral Med 
Oral Pathol 1986; 61 : 527-32. 

8. Chouvel P, Rombaux P, Philips C, Hamoir M. Stylohyoid chain 
ossification: choice of the surgical approach. Acta Otorhino- 
laryngol Belg 1996; 50 : 57-61. 

9. Gozil R, Yener N, Calguner E, Arac M, Tunc E, Bahcelioglu 
M. Morphological characteristics of styloid process evaluated 
by computerized axial tomography. Ann Anat 200 1 ; 1 83 : 527- 
35. 

10. Jung T, Tschernitschek H, Hippen H, Schneider B, Borchers L. 
Elongated styloid process: when is it really elongated? Dento- 
maxillofac Radiol 2004; 33:1 19-24. 

11. Savranlar A, Uzun L, Ugur MB, Ozer T. Three-dimensional 
CT of Eagle's syndrome. Diagn Interv Radiol 2005; 1 1 : 206- 
9. 

12. Ceylan A, Koybasioglu A, Celenk F, Yilmaz O, Uslu S. Sur- 
gical treatment of elongated styloid process: experience of 61 
cases. Skull Base 2008; 18 : 289-95. 

13. More CB, Asrani MK. Evaluation of the styloid process on 
digital panoramic radiographs. Indian J Radiol Imaging 2010; 
20 : 261-5. 

14. Gokce C, Sisman Y, Ertas ET, Akgunlu F, Ozturk A. Preval- 
ence of styloid process elongation on panoramic radiography 
in the Turkey population from cappadocia region. Eur J Dent 
2008; 2 : 18-22. 

15. Bozkir MG, Boga H, Dere F. The evaluation of elongated sty- 
loid process in panoramic radiographs in edentulous patients. 
Turk J Med Sci 1999; 29 : 481-5. 

16. Phulambrikar T, Rajeshwari A, Rao BB, Warhekar A, Reddy 
P. Incidence of elongated styloid process: a radiographic study. 
J Indian Acad Oral Med Radiol 201 1; 23 : S 344-46. 

17. Yadav SP, Chanda R, Gera A, Yadav RK. Stylalgia: an Indian 
perspective. J Otolaryngol 2001; 30 : 304-6. 

18. Crowley LV. An introduction to human diseases: pathology 
and pathophysiology correlations. 8th ed. Sudbury: Jones and 
Bartlett Publishers; 2009. p. 719-20. 

19. Srivastav A, Saraswat PK, Agarwal SK, Gupta P. A study of 
wrist ossification for age estimation in pediatric group in cen- 
tral Rajasthan. J Indian Acad Forensic Med 2004; 26 : 132-5. 

20. Ilgiiy M, Ilgiiy D, Giiler N, Bayirli G. Incidence of the type and 
calcification patterns in patients with elongated styloid process. 
J Int Med Res 2005; 33 : 96-102. 

21. Omnell KA, Gandhi C, Omnell ML. Ossification of the human 
stylohyoid ligament: a longitudinal study. Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 1998; 85 : 226-32. 

22. Fini G, Gasparini G, Filippini F, Becelli R, Marcotullio D. The 



— 160 — 



Mun Bhawni Bagga et al 



long styloid process syndrome or Eagle's syndrome. J Cranio- 
maxillofac Surg 2000; 28 : 123-7. 

23. Camarda AJ, Deschamps C, Forest D. I. Stylohyoid chain ossi- 
fication: a discussion of etiology. Oral Surg Oral Med Oral 
Pathol 1989; 67 : 508-14. 

24. Satyapal KS, Kalideen JM. Bilateral styloid chain ossification: 
case report. Surg Radiol Anat 2000; 22 : 21 1-2. 



25. Correll RW, Jensen JL, Taylor JB, Rhyne RR. Mineralization 
of the stylohyoid-stylomandibular ligament complex. A radio- 
graphic incidence study. Oral Surg Oral Med Oral Pathol 1979; 
48 : 286-91. 

26. Zaki HS, Greco CM, Rudy TE, Kubinski JA. Elongated styloid 
process in a temporomandibular disorder sample: prevalence 
and treatment outcome. J Prosthet Dent 1996; 75 : 399-405. 



— 161 — 



